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Abstract 
Background: Perception of malocclusion varies among individuals and among patients and practitioners. Although 
several indices that tend to coincide in many aspects and unify criteria, no single index has been recognised as the 
most suitable for assessing orthodontic treatment need. Moreover, orthodontists are not always aware of the diffe-
rences in perception of malocclusion between patients and practitioners.
Objectives: To examine the perception of dental aesthetics amongst dentists, orthodontists and the general popula-
tion, study the relationship between the perception of dental aesthetics and the severity of the malocclusion, using 
the visual analogue scale and the IOTN-AC, and investigate relationships among the resulting data.
Study Design: Frontal intraoral photographs of 24 cases were classified by the severity of their malocclusion ac-
cording to the DAI index. The photographs were examined by 150 individuals (30 orthodontists, 30 general dental 
practitioners and 90 members of the general population), who assessed them on a visual analogue scale and accor-
ding to the IOTN-AC. 
Results: The orthodontists gave the lowest scores on the visual analogue scale, although the differences between the 
three groups were not significant. For DAI grades 1, 3 and 4, significant differences were found in the IOTN-AC 
assessments. Here too, the orthodontist group was the most critical.
Conclusions: In general, in all three groups, both the visual analogue scale and IOTN-AC scores increased or de-
creased in line with the severity of the malocclusion according to the DAI. However, the correlation between these 
scores was low. The orthodontists scored the malocclusions more critically than the general dentists or the general 
population with the IOTN-AC, but this difference was not found with the visual analogue scale.
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Introduction
Malocclusion is difficult to define (1), largely because the 
perception of this problem varies among individuals and, 
evidently, among patients and practitioners. Orthodontic 
patients expect orthodontic treatment to improve their 
dental and facial aesthetics and, consequently, their po-
pularity and social success (2-5). Orthodontic treatment 
need is complicated to assess on the basis of studying 
models or x-rays alone without taking the patient’s per-
ception of his or her problem into account.
No single index has been recognised as the most suitable 
for assessing orthodontic treatment need (1), although 
it would appear that a consensus has been reached on 
the requisites the indices should possess and the occlu-
sal features that should be quantified, as well as on the 
importance of considering the patient’s own perception 
of malocclusion. Several indices that tend to coincide in 
many aspects and unify criteria, and that have already 
been accepted as valid by various international associa-
tions, may be found in the literature. They include the 
Dental Aesthetic Index (DAI) (6) and the Index of Or-
thodontic Treatment Need (IOTN) (7).
However, orthodontists are not always aware of the di-
fferences in perception between patients and practitio-
ners concerning which features present an occlusion 
problem or could be improved, or what result defines 
the success of the treatment. While patients expect re-
sults that are defined by social and cultural standards of 
beauty in their reference group and in society in general, 
orthodontists prefer to use parameters to reach the diag-
nosis and plan the subsequent treatment (5,8-10).
Since facial and smile aesthetics are aspects that are highly 
valued by the population nowadays, and since standards 
of beauty are not clearly defined, as they depend on so-
cial, cultural, individual and professional variables, the 
aim of this study was to ascertain whether the aesthetic 
perceptions of the population can be matched to those of 
dentists and orthodontists and how they relate to the DAI 
and IOTN-AC indices, in order to make it easier for or-
thodontists to keep the aesthetic expectations of patients 
in mind when planning orthodontic treatments.
Consequently, the objectives of this study were to analyse 
the perception of dental aesthetics among three groups, 
dentists, orthodontists and the population in general, 
using a visual analogue scale (VAS) and the aesthetic 
component of the IOTN (IOTN-AC); to study the rela-
tionship between the perception of dental aesthetics and 
the severity of the malocclusion according to the VAS 
and the IOTN-AC; and to study the linear correlation 
between the measurements obtained with the VAS and 
those of the IOTN-AC.
Material and Methods
This study was approved by the Human Research Ethics 
Committee of the University of Valencia (registration 
number H1396425836238). Before taking measure-
ments from the study models and using the initial pho-
tographs from the case records, the patients, parents or 
tutors were informed and their signed consent and au-
thorisation were obtained.
Out of a total of 280 patients attended by Master of Or-
thodontics students at the University of Valencia, 24 
records were selected. They were classified by the se-
verity of their malocclusions according to the DAI in-
dex in order to obtain 6 representative cases for each 
of the 4 DAI grades. The DAI index is made up of 10 
variables: number of visibly missing teeth, crowding in 
incisal segments, spacing in incisal segments, incisal 
diastema, largest irregularity in maxilla, largest irregu-
larity in mandible, anterior maxillary overjet, anterior 
mandibular overjet, vertical anterior openbite and ante-
roposterior molar relation. Each of these components is 
multiplied by its regression coefficient and their sum is 
added to the constant, which has a value of 13, to obtain 
the DAI score. This places the individual in one of four 
DAI grades: grade 1, a score of 25 or less, is classed 
as normal or minor malocclusion; grade 2, with a score 
of 26 to 30, is considered definite malocclusion, with 
treatment being elective; grade 3, with a score of 31 to 
35, constitutes severe malocclusion, for which treatment 
is highly desirable; while grade 4, with a score of 36 or 
more, is very severe or handicapping malocclusion and 
treatment is mandatory.
The frontal intraoral photographs in maximum intercus-
pal position from the records of the 24 selected patients 
were converted from colour to black-and-white with the 
help of the Adobe Photoshop CC program. The partici-
pants were asked to examine each photograph at random 
for a maximum of 20 seconds and assess it on a visual 
analogue scale (VAS), where 0 was the worst possible 
aesthetic perception and 100 the best. The same process 
was repeated with the IOTN-AC, asking the assessors to 
indicate which of the 10 photographs on the scale most 
resembled each of the patients’ photographs.
The study sample was composed of 150 individuals 
who each rated their aesthetic perception of each of the 
24 cases. The 150 individuals belonged to 3 different 
groups: 30 general dental practitioners, 30 orthodontists 
and 90 members of the general public. The general den-
tist group was composed of postgraduate students and 
lecturers from the Faculty of Medicine and Dentistry 
of the University of Valencia (Spain). The orthodontist 
group was made up of practitioners who work exclu-
sively in the field of orthodontics and members of the 
orthodontics teaching unit of the University of Valen-
cia. The general population group was chosen at random 
from persons accompanying patients to the University 
of Valencia dental clinic. They were asked whether they 
would volunteer to take part in the study. All accepted 
and signed an informed consent form.
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The data from the forms were stored in a spreadsheet, 
using the Microsoft® Excel 2011® program.  The statis-
tical analysis was performed with IBM® SPSS statistics 
v 21.0® software.
Results
The mean age of the sample was 42.9 years and the dis-
tribution by gender was very balanced (50% men and 
50% women). Table 1 shows the distribution of the three 
groups in the sample by gender and age.
General population
N=90
General dental practitioners
N=30
Orthodontists
N=30
Test
Mean age 
(95% CI)
42.1
(39.6-44.5)
44.1
(40.7-47.5)
44.3
(40.7-47.8)
ANOVA
p=0.499
Gender
(%)
Men 50.0 43.3 46.7 Chi-squared
p = 0.587Women 50.0 56.7 53.3
Table 1. Distribution of the sample by age and gender.
On comparing the mean VAS scores of each group, no 
significant inter-group differences were found in any 
of the DAI grades, although the orthodontists gave the 
lowest scores in all four grades. Figure 1 shows that as 
the DAI grade rose, the VAS score fell. With the IOTN-
AC, the three groups differed significantly in DAI gra-
des 1, 3 and 4, with the orthodontist group again being 
the most severe (Table 2). As the DAI grade rose, so did 
the IOTN-AC scores (Fig. 2).
Table 3 shows the Pearson’s correlation coefficients on 
comparing the VAS and IOTN-AC scores of the three 
groups (general population, general dental practitioners 
Fig. 1. Mean VAS scores of the three groups by DAI grade.
and orthodontists). These coefficients were obviously 
negative, although their values were low and not statis-
tically significant. The coefficients of the orthodontist 
group were higher than those of the general public and 
the general practice dentists.
Discussion
Measuring the aesthetic impairment that a particular ma-
locclusion can cause and the degree to which this affects 
the social relations of the patient is not a simple task, 
although valid questionnaires have been designed for 
this purpose (11).
The objective of this study was solely to compare the 
aesthetic perceptions of the patients, expressed on a vi-
sual analogue scale and through the aesthetic component 
of the IOTN (methods that have been used for many 
years), with those of orthodontists, as the specialists res-
ponsible for treating malocclusions, and of general den-
tal practitioners, as the referrers, the intermediate step or 
link between patients and orthodontists.
The reason for using two different scales to measure aes-
thetic perception is that individuals may have difficulty 
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General population 
(95% CI)
General dental practitioners 
(95% CI)
Orthodontists (95% CI) Test
ANOVA
VAS DAI 1 59.6
(57.0-62.3)
59.6
(56.4-62.8)
54.8
(50.7-58.8)
0.126
DAI 2 51.4
(48.8-54.1)
54.7
(51.5-58.0)
51.6
(47.3-55.9)
0.388
DAI 3 41.9
(39.6-44.2)
41.9
(37.9-45.8)
36.6
(31.6-41.5)
0.077
DAI 4 33.4
(31.1-35.6)
33.3
(27.9-38.6)
28.7
(23.5-34.0)
0.187
IOTN- AC DAI 1 1.75
(1.63-1.88)
2.02
(1.72-2.32)
2.05
(1.79-2.31)
0.038*
DAI 2 2.91
(2.64-3.18)
2.71
(2.30-3.11)
2.98
(2.81-3.17)
0.594
DAI 3 2.76
(2.62-2.88)
3.36
(3.04-3.70)
3.37
(2.94-3.80)
0.000*
DAI 4 3.70
(3.36-4.03)
4.05
(3.59-4.52)
4.45
(3.98-4.93)
0.048*
Table 2. Distribution of the sample by age and gender.
*Statistically significant (p<0.05).
Fig. 2. Mean IOTN-AC scores of the three groups by DAI grade.
in identifying malocclusions with one of the 10 stan-
dard photographs of the IOTN-AC, none of which show 
openbite or anterior crossbite (12).
The 24 cases selected (6 for each of the 4 DAI grades) 
showed a wide range of the malocclusions present in the 
population. However, it should be mentioned that occlu-
sive components such as overjet, which is quite heavily 
weighted in the DAI index calculation, can be difficult 
to assess from frontal photographs. All the frontal in-
traoral photographs were taken in maximum intercuspal 
position and with labial retraction so that the aesthetic 
perception of the position of the anterior teeth could be 
assessed in the same way as in the IOTN-AC. To avoid 
any bias in aesthetic perception due to other factors such 
as variations in tooth colour, periodontal problems or 
lack of hygiene, the colour photographs were converted 
to black and white with the help of the Adobe Photoshop 
CC program.
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General Population General Dental Practitioners Orthodontists
DAI 1 photographs -0.157 -0.001 -0.136
DAI 2 photographs -0.063 -0.067 -0.158
DAI 3 photographs -0.001 -0.262 -0.234
DAI 4 photographs -0.002 -0.229 -0.362
Table 3. Pearson’s correlation coefficient between VAS and IOTN-AC scores for the different groups of photographs (DAI 1, 2, 
3 and 4).
The Pearson’s correlation coefficients between general 
practice dentists, orthodontists and the general popula-
tion were low and not statistically significant, although 
the orthodontists were always stricter in their assessment 
of the aesthetics of the malocclusion. Flores-Mir et al. 
obtained similar results although the correlation between 
the three scales they compared (IOTN-AC, OASIS and 
VAS) was moderate, unlike the low coefficients obtai-
ned in the present study (13). However, Murakami et al. 
encountered significant correlations when using the PAR 
index and a VAS in a study that compared the perception 
of dentistry students and orthodontists (14).
Another study by Hamamci et al. investigated patients’ 
perceptions of their malocclusions and their treatment 
need as measured by the DAI, concluding that the corre-
lation between these was weak (15). The present study 
observed a clear linear trend on plotting the aesthetic per-
ception score against the severity of the case. Within each 
group, the VAS scores fell as the DAI grade rose. The 
same occurred with the IOTN-AC score, but in the oppo-
site direction, increasing as the malocclusion worsened.
On calculating the mean IOTN-AC scores assigned to 
each DAI grade and comparing the results of the three 
groups, the differences between orthodontists, dentists 
and the general population were significant in all DAI 
grades except 2. These results agree with those of most 
authors (16-18), who have observed a tendency for clini-
cians to be more critical than the general public.
In the present study, the orthodontists tended to be much 
more critical than the other two groups. This agrees with 
the results of Murakami et al., who found no significant 
differences between students and orthodontists in cases 
with low treatment need, but differences in cases with a 
PAR greater than 23, where the orthodontists perceived 
a greater treatment need (14).
One of the main limitations of the study is sample size, 
although the difficulty of encountering 30 practitioners 
working exclusively in the field of orthodontics should 
be taken into account.
Conclusions
- In general, both the visual analogue scale scores and 
the IOTN-AC scores increased or decreased in line with 
the severity of the malocclusion according to the DAI in 
all three study groups. However, the correlation between 
these scores was low.
- With the IOTN-AC, the orthodontists scored the ma-
locclusions more severely than the general practice den-
tists or the general population, but did not exhibit the 
same difference in the visual analogue scale scores.
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